and Murata (1969) . Over the years, different groups have shown that various aspects of these light-induced changes can be mimicked in experiments in vitro in a number of different ways. Homann (1969) first showed that similar changes in excitation energy distribution can be seen following the addition of Mg2+ to broken chloroplasts, whilst Krause (1974) demonstrated that intact chloroplasts show sharply decreased PSII fluorescence, subsequently traced to energydependent proton-induced quenching (Briantais et al., 1979(Briantais et al., , 1980, on illumination. These ion-induced and energydependent quenching phenomena were, at one time or another, widely invoked in explanations of the lightinduced state l/state 2 changes seen in intact cells.
The occurrence of light-driven changes in the distribution of excitation energy between PSI and PSII in intact cells, commonly referred to as state l/state 2 adaptation, was first reported by Bonaventura & Myers (1969) and Murata (1969) . Over the years, different groups have shown that various aspects of these light-induced changes can be mimicked in experiments in vitro in a number of different ways. Homann (1969) first showed that similar changes in excitation energy distribution can be seen following the addition of Mg2+ to broken chloroplasts, whilst Krause (1974) demonstrated that intact chloroplasts show sharply decreased PSII fluorescence, subsequently traced to energydependent proton-induced quenching (Briantais et al., 1979 (Briantais et al., , 1980 , on illumination. These ion-induced and energydependent quenching phenomena were, at one time or another, widely invoked in explanations of the lightinduced state l/state 2 changes seen in intact cells.
Parallel measurements of ATP-induced fluorescence quenching and phosphorylation of LHCP in pea chloroplasts (Horton et al., 1981 ; Telfer et al., 1983) and Chlorella thylakoids (Saito et al., 1983) have shown that these processes follow a similar time course to state 2 adaptation in vivo. Recent measurements of low temperature (77K) emission spectra in samples containing internal standards have confirmed earlier claims that the ATP-induced changes reflect a genuine redistribution of excitation energy between PSII and PSI rather than a preferential quenching of PSII (Krause & Behrend, 1983; Saito et al., 1983) . These observations when viewed together with the fact that ATPinduced changes are observed only under conditions in which the plastoquinone pool is over-reduced (Horton et al., 1981; Allen et al., 1981) strongly support the idea that state l/state 2 changes are brought about by changes in LHCP phosphorylation. It is important to remember, however, that similar changes in excitation energy distribution and low temperature emission spectra are observed following changes in Mg2+ concentration , that direct evidence of light-induced LHCP phosphorylation under conditions in vivo is not yet available and that whilst it is becoming increasingly clear that chlorophyll-protein complexes other than LHCP may be involved in the control of excitation energy distribution in green plants , their role in state l/state 2 adaptation in red and bluegreen algae remains to be substantiated. With this in mind, the question of whether or not LHCP phosphorylation provides an adequate basis for explaining the changes seen under conditions in vivo is clearly not a trivial one.
The simplest and most convenient way to demonstrate state l/state 2 changes in algae is to examine the effects of pre-illumination on the fluorescence yield of PSII. In general, this is determined by three factors: the fraction of open PSII traps, the extent of energy-dependent quenching and the extent of state I/state 2 adaptation. Whilst these effects can be disentangled using modulated fluorescence techniques (Telfer & Barber, 1981) , the simplest procedure is to measure the fluorescence yield shortly after the addition of DCMU. This leads to the closure of all PSII traps and the rapid relaxation of energy-dependent quenching (Williams et al., 1980) . The fluorescence yield measured shortly after DCMU addition thus reflects the maximal Abbreviations used: DCMU, 3-(3,4-dichloropheny1)-1,1-dimethylurea; LHCP, light-harvesting chlorophyll a/b-binding protein; PS I, photosystem I; PS 11, photosytem 11. fluorescence yield ( F M ) of the pre-adapted state. Typical plots for Chlorella cells adapted to state 1 and state 2, by preillumination in red or far-red light, and for dark-adapted cells are shown in Fig. la . If the algae are left in light, the fluorescence yield of the state 2-and dark-adapted cells increases to that of the state 1-adapted cells. This is readily explained on the basis of the LHCP-phosphorylation model. DCMU blocks electron transport from PSII into the plastoquinone pool which consequently becomes oxidized leading to dephosphorylation of LHCP and a relaxation of the algae to state 1.
If, however, the poisoned algae are left in the dark, their fluorescence yield returns to that of the dark-adapted algae. The low fluorescence yield of such algae is more difficult to explain. Low temperature emission spectra (M. Catt, K. Saito & W. P. Williams, unpublished work) indicate that dark-adapted algae show a similar excitation energy distribution to state 2-adapted algae, indicating that their lowered fluorescence yield reflects a redistribution of excitation energy rather than a specific quenching of PSII fluorescence. Addition of uncouplers or ATPase inhibitors, however, abolishes the light-dependent relaxation of DCMU-poisoned algae to state 1 and also lowers the fluorescence yield of state 1-or state 2-adapted algae to that of dark-adapted samples (Figs. lb and Ic) . It is thus quite clear that the lowered fluorescence yield of these algae cannot be attributed to LHCP phosphorylation.
A further indication that at least two mechanisms of excitation energy distribution control are operative is provided by the results presented in Fig. 2 . In these experiments, the algae have first been adapted to the dark state and then illuminated with different intensities of red or far-red light, DCMU has then been added and the value of F M measured as described above. Exposure to low light intensities leads to a sharp increase in F M . This rise, which is DCMU-insensitive and wavelength-independent, appears to reflect a simple reversal of dark adaptation and leaves the algae in a state close to state 1. Higher intensities of red light tend to reverse this initial increase, lowering F M to its state 2 level. Exactly analagous results are obtained if far-red light or, as in Fig. 2 , red light in the presence of DCMU is used to drive the algae towards state 1. Two separate control mechanisms appear to be in operation: one operating at very low light intensities which reflect a simple light/dark, change and the other operating at higher intensities reflecting the normal state l/state 2 changes.
These observations can readily be explained in terms of the simple scheme involving a synergistic linkage between light-induced ion movements and LHCP phosphorylation set out in Fig. 3 . In terms of this model, the low intensity DCMU-independent light/dark process reflects ion-induced changes in membrane organization of the type seen following changes in divalent ion concentration in broken chloroplasts (Barber, 1980) . The driving force for these changes is probably the release of Mg2+ bound to, or accumulated within, the thylakoids during dark adaptation. The inhibition of these changes by uncouplers is consistent with a linkage between these ion movements and lightinduced proton fluxes. As such fluxes are a prerequisite for ATP formation under conditions in vivo, the changes associated with LHCP phosphorylation are necessarily superimposed on top of these ion-induced changes in intact cells. These fluxes are not, however, a requirement for LHCP phosphorylationper se. In the presence of exogenous ATP and the necessary reducing agents to activate the kinase system, LHCP is readily phosphorylated even in the dark or when uncouplers are present. (6pM) for a further 15min to drive them to state 2 or state 1 respectively. The value of FM at the end of this adaptation period was then measured as shown in Fig. la. conditions in vitro are, in fact, carried out under these conditions and as such refer to transitions between tbe states marked Dark (1) and Dark (2) in Fig. 3 . Such conditions cannot, however, readily be reproduced in vivo. In the absence of added ATP, LHCP phosphorylation can only occur in phosphorylating cells and hence only transitions between the Dark (l), Light (1) and Light (2) are observed. Horton & Black (1983) have recently demonstrated the occurrence of synergistic interactions between fluorescence changes induced by ATP and Mgz+ in pea chloroplasts. Their results, which involved measurements of ATPinduced changes in the fluorescence yield of pea chloroplasts suspended in media containing 1 mM-or 5 mM-Mg2+, provide an accurate reflection under conditions in vitro of what we believe is occurring under conditions in vivo with the important proviso that in the latter case the ion fluxes and ATP production are both light-induced. 
